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Abstract 
Damping is an important parameter that needs to be considered in design of components 
made up of composites for use in aerospace, naval, automotive applications subjected to 
dynamic loads for controlling the vibrations and thereby extending the service life of 
component. Passive and active vibrations damping are two main approaches used for 
enhancing the damping effect of structural composites. Though conventional composite 
material exhibits internal damping, the amount of damping is not sufficient for reducing 
vibration and noise. There is a need to explore methods of enhancing passive damping in 
composite materials for use in high speed engineering applications exposed to dynamic 
loads. Hybridization of composites for improvement in damping along with balanced 
mechanical properties at optimum cost is relatively a new concept in design of composite 
structures subjected to dynamic load. By using different combinations of fibers, the stacking 
sequence, fiber orientations, volume fraction the hybrid composites can be tailored to provide 
improved damping compared to conventional composites.  The purpose of this paper is to 
present a review on the available literature on damping behavior for Hybrid composite. 
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INTRODUCTION 
Composites are widely used materials for 
aircraft structural applications; however, 
their optimal use is still hampered partly 
due to the relatively low toughness they 
possess. The need for a superior and 
stronger material with reduced weight and 
with enhanced toughness at an optimal 
cost has revived the research on Hybrid 
composites. The term ‘hybrid composite’ 
is generally used to describe diverse 
combination of fibers or particulate in 
either thermoset or thermoplastic matrix. 
The purpose of this amalgamation is to 
maintain the advantages of both and 
mitigate desirable qualities [1][2].A 
balance between cost and performance can 
be achieved through optimal laminate 
design using hybridization[3]. 
 
The ultimate goal is to design a composite 
material with a pseudo-ductile behavior 
without compromising on stiffness and 
strength [4].Hybrid composites are being 
used in aerospace, marine, automotive, 
construction, medical and sports 
equipment’s. These applications are prone 
to vibrations problems caused by dynamic 
loads acting on the system resulting in 
reduced efficiency, undesirable noise and a 
shortened service life of the component. 
The amplitudes of the vibrations can be 
controlled by dissipating energy.  
Compared to metals the damping in fiber 
reinforced composite materials is higher 
and depends on the constituent of the 
composite. At the constituent level, the 
energy dissipation in fiber-reinforced 
composites happens by either the 
viscoelastic behavior of matrix, the 
damping at the fiber-matrix interface, the 
damping due to damage, cracks defects 
etc. At the laminate level, damping 
depends on the constituent layer properties 
like orientations of the fiber layer, inter-
laminar effects, stacking sequence of 
fibers etc. 
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Hybrid composites have the potential to be 
tailored for improving dynamic behavior 
along with balanced mechanical 
properties. Much of the literature available 
for hybrid composite is on mechanical 
characterization. There is a profound need 
to understand further the dynamic behavior 
of hybrid composites hence a 
comprehensive literature review has been 
presented in this paper as per the 
chronological order. 
 
Literature review on Hybrid composites 
Hayashi [1] was one of the early 
researchers to report about the hybrid 
effect in 1972, when he noticed that the 
failure strain of the carbon fibers in a 
carbon/glass hybrid was enhanced by 
about 40% in comparison to non-hybrid 
carbon composite. This work lead to the 
creation of the first definition of hybrid 
effect, defined as the apparent failure 
strain enhancement of the LE fibers in a 
hybrid composite compared to the failure 
strain of the LE fibers in the non-hybrid 
reference composite 
 
The behavior of laminated layers of carbon 
fibers and glass fibers in an epoxy resin, 
have been studied by Bunsell & Harris [2].  
By combining two different types of 
fibers, a study was done to see if it 
possible to incorporate the combined 
advantages of the individual fibers while 
making up for their disadvantages. The 
results obtained indicate that lightweight 
materials having controlled stress-strain 
behavior can be produced by 
hybridization. 
 
Carbon nanofiber paper was integrated 
into glass fiber reinforced composites 
using Vacuum-assisted resin transfer 
molding process by Jihua Gou et al [5]. 
The carbon nanofiber paper was used as an 
interlayer and surface layer of composite 
laminates to enhance the damping 
properties. Experiments conducted by 
using the nanocomposite beam indicated 
up to 200–700% increase of the damping 
ratios at higher frequencies.  The 
connectivity’s between carbon nanofibers 
and short glass fiber’s within the carbon 
nanofiber paper were responsible for the 
significant energy dissipation in the 
nanocomposites during the damping tests. 
 
Lingaraju et al. [6] have reported that the 
damping properties of composites 
improved using nanofiller. In their work 
nanosilica and halloysite nanoclays were 
organically modified by 3-amino propyl 
triethoxysilane. Hybrid nanocomposite 
laminates were manufactured by   hand 
lay-up method. The laminates are prepared 
using 5-layers of glass woven roving 
mates and nanofiller content was varied 
from 0, 1, 2 and 3wt%. The nanofiller      
impregnated composites showed 
competitive mechanical and vibration 
damping properties to fiber reinforced 
composites. 
 
Finite element analysis was used to design 
composite drive shafts by incorporating 
carbon and glass fibers by Abu Taliba et 
al. [7] . A configuration of one layer of 
carbon–epoxy and three layers of glass–
epoxy with 0°, 45° and 90° was studied. 
The results show that by changing carbon 
fibers angle from 0° to 90° the loss in the 
natural frequency of the shaft was 44.5%. 
 
Naser Kordani et al. [8] investigated the 
structural damping characteristics of 
polymeric composites containing carbon 
nanotubes. In order to evaluate the CNT 
effect on fiber reinforced polymer 
composite, different types of carbon 
nanotube (CNT) were dispersed into the 
matrix. The damping characteristics of the 
specimens with 0, 0.5wt% nanotube 
contents were computed experimentally. 
The maximum damping ratio for 0.5wt % 
MWCNT specimen was reported to be 
much higher than those of the 0.5wt% 
SWCNT-specimens and the neat 
specimen. The study showed damping can 
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be enhanced by adding CNT fillers into 
polymeric resins. 
 
Sankar et al. [9] have studied the effect of 
natural rubber particle inclusions on the 
mechanical and damping properties of 
epoxy-filled glass fiber composites. Test 
specimens are fabricated with inclusion of 
natural rubber particles of different sizes 
and tested for tensile strength, tensile 
modulus, flexural strength, and flexural 
modulus. Vibration tests were carried and 
damping ratio calculated. It was observed 
that damping ratio varies with inclusion of 
natural rubber particles and that with 
0.25mm particle inclusions improve 
damping. 
 
Mechanical damping and thermal stability 
of hybrid epoxy composites with addition 
of two types of fillers graphitized carbon 
nanofiber (CNF) and micron size silicon 
dioxide (SiO2) particles were investigated 
by Jae-Soon Jang et al.[10]. It has been 
found that the addition of 3% weight 
fraction of SiO2 particles along with 3% 
weight fraction of CNF can improve 
damping loss factors by up to 15.6% at 
room temperature. It is observed that there 
was reasonable agreement in both 
mechanical damping and CTE for the 
hybrid composites between the 
experimental data and the predicted data. 
 
The effect of nanoclay addition in the 
epoxy/glass fiber laminates has been 
studied for medium velocity of impact by 
Velmurugan et al.[11].The laminates were 
prepared  using 3, 5 and 8 layers of  woven 
glass  with epoxy resin and clay content 
varied from 1% to 5%. The natural 
frequency and damping factor were 
obtained for laminates before and after 
impact and the effect of damage on natural 
frequency and damping factor was studied. 
There was an increase in damping factor 
values in laminates for clay up to 3% and 
damping factor dropped with further 
increase in clay. It is observed that the 
addition of clay in the matrix increased the 
natural frequency due to increase in 
modulus of nanocomposite. 
 
The effects of Carbon Nanotubes (CNT) 
on vibration damping characteristics of 
CNT–CFRP hybrid composites have been 
investigated by Shafi Ullah Khan et al 
[12]. The CNT–CFRP hybrid composites 
were produced based on a prepreg process 
using a CNT reinforced resin as the 
composite matrix. The free vibration test 
indicated that the damping ratio of the 
CFRP-CNT hybrid composites increased 
with increasing CNT content. The forced 
vibration test indicates that the damping 
ratios of the CFRP composites increase 
with increasing CNT content in both the 1
st
 
and 2
nd
 vibration modes. The damping 
ratio of the hybrid composites is enhanced 
with the addition of CNTs, which is 
attributed to sliding at the CNT–matrix 
interfaces. 
 
Shoubing et al. [13] have studied the effect 
of   combining short carbon fiber (CF) and 
nano-SiO2 filled polyurethane (PU)/epoxy 
resin (EP) graft interpenetrating polymer 
network (IPN). The damping properties as 
well as tensile and impact strength of the 
IPN composites were studied. Results 
revealed that the addition of short CF and 
nano-SiO2 can significantly improve the 
damping properties of pure PU/EP IPN, 
particularly at higher frequencies. 
 
Dynamic mechanical analysis was carried 
out by Sang Yup Kim et al.[14] to 
investigate the vibration damping behavior 
of CFRP composites with piezoelectric 
lead zirconate titanate  (PZT) enhanced 
interfaces . The loss factor increased as the 
loading of plain PZT particles increased 
but it suddenly dropped when the loading 
exceeded a certain value. When 
the composite material interfaces were 
deposited with carbon black coated PZT 
particles the loss factor of the composites 
increased with increasing particle loading. 
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The results demonstrated that the 
incomplete connectivity between PZT 
particles and carbon fiber can be an 
obstacle in improving the damping 
characteristic of CFRP composites. 
 
Experimental studies were conducted by 
Alva et al. [15] on epoxy composite, 
reinforced with nano alumina and 
Multiwall CNTs (0.5 and 1.0 wt%) in 
monolithic and hybrid forms to evaluate its 
stiffness and damping properties . Among 
monolithic reinforcements, Multiwall 
CNTs (1.0wt %) have shown a significant 
increase in loss modulus, whereas nano 
alumina (0.5wt%) has increased the 
storage modulus of the composite. With 
hybrid reinforcements further increase in 
storage modulus (0.5wt%) was observed. 
Based on these experimental observations, 
a two-layer hybrid composite 
configuration, consisting of nano alumina 
(0.5wt% as layer 1) and Multiwall CNTs 
(1.0wt% as layer 2) were fabricated and 
tested. The obtained results showed 
significant increase in storage and loss 
modulus, which brings out the importance 
of using the hybrid reinforcement 
configurations. 
 
Kabir et al. [16] have tried to develop a 
high performance hybrid composite using 
low cost glass fiber and epoxy modified 
with nanoclay for improved vibration 
damping performance. Nanoclay was 
dispersed in epoxy resin by a solvent-free 
high-speed mixing method using a high 
speed homogenizer. A maximum of 11.1% 
improvement in the flexural storage 
modulus and 16.9% in the loss modulus 
were achieved for adding up to 2 wt.% 
nanoclay.  This was because nanoclay 
enhances the energy dissipation capability 
of glass/epoxy composite material. To see 
the damping effect of nanoclay at higher 
frequency and amplitude, a log decrement 
test was carried out where a maximum of 
55.5% increase in damping ratio was 
observed. The effect of damping 
improvement on fatigue life was also 
investigated. Maximum of 66% and 133% 
improvement in flexural fatigue life at 
respectively 1wt% and 2wt% nanoclay 
incorporation were reported.  
 
A micro-level hybridization was 
performed by embedding visco-elastic 
fibers within standard carbon tows by 
Martone et al [17]. Unidirectional 
composites with two viscoelastic volume 
fractions (2.5% and 5% vol/vol) were 
manufactured by a vacuum infusion 
process and later tested by dynamic 
mechanical analysis. Test results reveal a 
significant enhancement (+80% and 
+56%) of the damping properties, 
respectively, for the longitudinal and the 
transverse directions in the case of the 
highest viscoelastic fiber content. 
 
Sarlina et al. [18] have studied the 
damping properties of laminated structures 
consisting of steel, rubber epoxy adhesive 
and glass fiber reinforced epoxy 
composite. Damping properties of the 
structures were investigated through the 
loss factors. By using the loss factor 
results of the constituent materials, the loss 
factor of the hybrid structures was 
estimated by the rule of mixtures and the 
results were compared with the 
experimental results. They observed that 
the use of weight fractions instead of 
volume fractions in the rule of mixtures 
provided a good average estimation of the 
damping behaviour of the hybrid structure 
and the results of rule of mixtures method 
can be used as rough estimates during the 
design phase of hybrids 
 
 Rokni et al. [19] have developed a new 
concept for the optimization of dynamic 
behavior wherein fiber orientation factor in 
continuous fiber-reinforced composites is 
replaced by different wt.% of carbon 
nanotubes (CNTs) in each layer. It was 
found that the optimum distribution of 
MWCNTs resulted in an increase of 10.4% 
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in the fundamental damped natural 
frequency values, which was almost two-
fold higher than those of a beam with a 
uniform MWCNT distribution. In addition, 
compared to a pure polymer beam, 38.9% 
and 27.8% improvements in the damping 
ratio of the uniformly and optimally 
distributed MWCNT polymer composite 
beams were achieved. 
  
Damping in carbon fiber composites has 
been improved by adding fillers by 
Seungjin Han et al. [20] . The fillers were 
positioned at the interlaminar interface. 
Exfoliated graphite as a sole filler was 
found to be more effective than carbon 
nanotube (SWCNT/MWCNT), halloysite 
nanotube (HNT), or nanoclay as sole 
fillers in enhancing the loss tangent. The 
MWCNT, SiC whisker, and HNT as sole 
fillers were found to be effective for 
increasing the storage modulus. The 
combined use of a storage modulus-
enhancing filler (CNT, SiC whisker, or 
HNT) and a loss tangent-enhancing filler 
(EG or nanoclay) gives the best 
performance. With EG, HNT, and 2.0-
MPa curing, the loss modulus is increased 
by 110%. With nanoclay, HNT, and 0.5-
MPa curing, the loss modulus is increased 
by 96%. Enhancement of the loss tangent 
is primarily contributed by the innermost 
interlaminar interfaces, indicating the 
dominance of shear deformation in 
enhancing damping. 
 
Mica and  Glass fiber-reinforced epoxy 
with 0°& 45° ply orientation were 
prepared by hand lay-up and the 
mechanical and damping properties were 
studied by Yanbing Wang  et al.[21]. 
Results showed that the addition of mica 
resulted in decrease of tensile strength and 
modulus for both composites. For 0° fiber 
orientation, damping ratio reaches 
maximum at 5 phr mica. For composites 
with 45°, damping ratio decreased with 
increase in mica addition. 
Normasmira et al. [22] have studied the 
incorporation of nanoclay into 
polypropylene/glass fiber composite. 
Dynamic mechanical analysis showed an 
increase in storage modulus, indicating 
higher stiffness of the hybrid composites 
when compared to the glass fiber 
composites and the neat matrix. The 
improvement of storage modulus in the 
hybrid composites (PP/ GF/NC) may be 
attributed to the synergistic effect by 
incorporating particulate filler into the 
matrix. From the tan δ curves, a strong 
influence of glass fiber and nanoclay 
content on the magnitude of tan δ max 
value was observed. Incorporation of 
nanoclay and glass fiber reduced the 
magnitude of tan δ values. The 
incorporation of GF and NC act as barriers 
to the mobility of polymer chain and leads 
to a lower degree of molecular motion and 
consequently lowering damping 
characteristics. 
 
Nayak et al. [23] have carried out 
experimental and numerical investigation 
on parametric study of vibration and 
buckling characteristics of woven fiber 
Glass-Carbon/epoxy hybrid composite 
panels. The effects of lamination sequence 
on the natural frequencies of vibration and 
buckling strength of the hybrid panels 
were studied in this investigation. The 
vibration study is carried out using B&K 
FFT analyzer, accelerometer, and impact 
hammer excitation. In case of hybrid 
plates, the frequencies were observed to 
change with the stacking sequence. For 
hybrids with 25% laminate layers of 
carbon fiber and the rest 75% glass fiber, 
the minimum frequency is observed in 
case of (G-C-G-G)s sequence and for 
hybrids with 50% carbon fiber laminates, 
the minimum frequency was observed for 
(C-G-C-G)2 sequence. The effectiveness 
of hybridization increases if materials with 
high values of young’s modulus form the 
outermost layer.  
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Damping characteristics of carbon 
nanotubes dispersed in woven carbon 
fiber/epoxy composites were investigated 
by Hee Chul Kim et al.[24]. The 
composites were fabricated by an 
advanced resin film infusion prepreg 
manufacturing process. Well-dispersed 
nanocomposites containing up to 7wt% of 
carbon nanotubes were achieved. Damping 
characteristics of the specimen were 
measured by the impact vibration test of 
the composites beam specimens. 
Improvement of damping characteristics 
were observed in the carbon nanotubes 
dispersed composites, and structural 
damping increased as the weight percent 
of carbon nanotubes increased.  Damping 
ratio improved up to 12.3% (at the 1st 
natural frequency) and 16.1% (at the 2nd 
natural frequency), especially in the 7wt% 
carbon nanotubes dispersed specimen. 
 
Experimental and numerical methods were 
carried out by Jinshui et al. [25] to study 
the vibration and damping performances of 
hybrid carbon fiber composite pyramidal 
truss sandwich panels containing 
viscoelastic layers. The fiber orientation 
was varied from by 15 degrees from 0 to 
90 to study the vibration and damping 
performances of panels. The damping was 
maximum at a fiber orientation of 60 
degrees for these sandwich panels. With 
the increase of the thickness of viscoelastic 
layer, damping loss factors of the 
sandwich panels increased accordingly 
without significantly changing its natural 
frequencies. Compared to the damping of 
the structure without viscoelastic layer, the 
largest increase of damping was observed 
in sandwich panels with 0.75 mm 
thickness viscoelastic layer with damping 
loss factor reaching 6.75%.  The damping 
loss factor corresponding to the twist mode 
was always higher than the transverse 
bending mode because of greater shearing 
deformation that could be induced by twist 
mode to dissipate more energy. 
 
Tehrani et al. [26] have investigated the 
effect of the different PAN-based carbon 
fiber surface treatments generated from 
surface coating, heat treatment, and 
surface grown MWCNTs on the damping 
properties for six different composite 
configurations. The six samples were 
based on raw carbon fibers, SiO2-coated 
fibers, heat-treated fibers, SiO2-coated and 
heat-treated fibers, and fiber with surface 
grown CNTs via both GSD and CCVD 
techniques. Dynamic mechanical analysis 
(DMA) was used to investigate the 
damping performance of the samples. The 
loss tangent (damping) for the hybrid 
composites utilizing graphitic structures by 
design (GSD)-grown MWCNTs improved 
by 56% compared to the reference samples 
(based on raw carbon fibers with no 
surface treatment or surface grown carbon 
nanotubes) over the frequency range 1–
60 Hz. The results indicated that the 
energy dissipation in the GSD-grown 
MWCNTs composite can be primarily 
attributed to the frictional sliding at the 
nanotube/epoxy interface. 
 
Lavanya et al. [27]  in their study have 
fabricated Glass fiber composite by 
compression moulding technique and 
properties like density, young’s modulus, 
rigidity modulus and material damping 
were evaluated by experiments. Parametric 
damping studies were carried out to 
investigate the damping ratio of Glass 
fiber composites for different orientations. 
Damping ratio was calculated using half-
power band width method from the FRF 
obtained in vibration test. Damping ratio 
was found to be influenced by fiber 
orientation and was maximum at 60° 
orientations. It was seen that by placing a 
viscoelastic material like rubber between 
Glass fiber layers damping ratio improved. 
This could be because of high strength and 
shear modulus of the viscoelastic material. 
Damping ratio varied with respect to 
position of viscoelastic layer. Damping 
ratio was found to be more if the position 
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of the viscoelastic layer is placed at the 
middle compared to outer surface. 
 
Murugan et al. [28] studied the static and 
dynamic mechanical properties of hybrid 
composites made of plain weave E-glass 
fabric and T300 carbon fabric embedded 
in epoxy resin. The influences of stacking 
sequence of glass and carbon fabric layers 
on mechanical properties were studied. 
The storage modulus values increased with 
the increase of carbon fiber content in the 
composites. High modulus carbon fiber of 
dedicated carbon laminate caused the large 
storage modulus than dedicated glass 
laminate. It was seen that hybridization of 
carbon fiber with glass fiber improves the 
damping performance of the composite 
laminate. Storage modulus, loss modulus 
and loss factor of hybrid laminate with 
carbon on the outer and glass in the inside 
was greater than other combinations. 
 
The free vibration characteristics of hybrid 
stacked fiber reinforced composite 
laminates with a hole was studied by using 
finite elements method by Omer Sinan et 
al [29]. The hybrid composite laminates 
were composed of four layers with 
symmetrical and anti-symmetrical 
sequences.  The hole size and boundary 
conditions had a great effect on the free 
vibration frequencies. As the hole size 
varies from d/b=0.1 to 0.5, the free 
vibration frequencies increased 
dramatically. It was seen that the free 
vibration mode shapes are strongly 
affected by the boundary conditions. 
 
Didik Djoko Susilo et al. [30] have 
investigated the effect of fiber orientation 
and support configurations on  the 
dynamic characteristics of carbon-glass 
fiber hybrid composite. Fiber orientations 
used in this experiment were 0/90, 30/60, 
and 45/45. The tests were conducted for 
cantilever beam, simple supported beam, 
and fixed supported beam conditions. 
Fiber orientation of 0/90 gives high natural 
frequency at all supported beam 
configuration. Damping ratio behaved in 
opposite way to the natural frequency. 
Carbon-glass fiber hybrid composite with 
fiber orientation of 45/45 gives high 
damping ratio in all beam configuration, 
the highest is 0.0038 found in cantilever 
beam configuration. 
 
Fernanda de Borbon et al.[31] have 
performed  free vibration test for 
composite beams with various types of 
MWCNTs to study the damping response. 
Sandwich and simple beams with neat 
epoxy resin were also made and tested. For 
all cases 5 wt% of CNTs is added as filler 
in the epoxy matrix. Damping ratio is 
obtained by means of logarithmic 
decrement and half-power bandwidth 
method. Short aspect ratio multi walled 
non-functionalized nanotubes are found to 
be the most effective for improving 
damping properties. 
 
The influence of hybrid materials in free 
vibration analysis for a four-layered FRP 
skew laminated composite plate with a 
circular cutout and clamped boundary 
conditions has been studied using FEM by   
Srividya et al. [32]. Finite element analysis   
studies have been carried out for various 
hybrid arrangement using Carbon, Kevlar 
& Glass. It was reported that for 
unidirectional cases, the maximum 
frequency is high for a hybrid arrangement 
of C/G/G/C at a lamination scheme of 
(90/90/90/90) and for cross-ply cases  the 
natural frequency is high at K/C/C/K 
hybrid laminate. 
 
Senthil Kumar et al. [33] investigated   the 
damping characteristics of  Hybrid 
polymer composite . The aim of the 
investigation was to develop glass-epoxy 
composite with addition of carbon 
(600mesh) fillers with different weight 
fractions and to characterize the 
mechanical and damping properties. The 
carbon filler was used as reinforcement 
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and fabricated using hand lay-up and 
vacuum bag molding technique. The 
damping characteristics were evaluated 
using free and forced vibration test for 
different amplitudes. The result showed 
that the damping characteristics improved 
with increase in weight percentage of 
carbon reinforcement content. Further it 
was found that glass fiber–epoxy matrix 
with 5% carbon particles has better 
damping properties which can be used for 
structural application. 
 
Khashaba [34] has investigated the effect 
of  addition of multiwall carbon nanotube 
(MWCNT) on the interfacial bond 
strength, flexural strength , stiffness, 
toughness and damping properties of 
hybridized glass-fiber reinforced epoxy 
(GFRE) composites. Nano phased epoxy 
resin was used to hybridize unidirectional 
and quasi-isotropic GFRE composites with 
[0/±45/90]s and [90/±45/0]s stacking 
sequences. Hybridization of quasi-
isotropic laminates with MWCNTs result 
in improving the damping ratio for 
[0/±45/90]s stacking sequence by 72.9% 
and had insignificant effect on [90/±45/0]s 
stacking sequence. The improvement in 
the damping ratio of the hybridized 
[0/±45/90]s stacking sequence was due to 
the dissipated interfacial friction energy as 
a result of the stick–slip motions between 
glass-fiber and MWCNTs interfaces. 
 
A new kind of structural damping 
composite was prepared by interleaving 
thin aramid non-woven fabrics (ANF) into 
the CFRP composite as interlayers by 
Nannan et al.[35]. The influence of 
number of ANF layers and arrangement on 
the composite damping properties were 
studied in detail. The research results 
indicated that the addition of ANF into the 
composites can significantly improve the 
damping properties by forming some 
resin-rich zones with higher loss factor in 
the composites and with high mechanical 
properties at the same time. Composites 
laminate with 1 & 3 layers of ANF 
possessed close flexural modulus and 
approximately 20% higher loss factors. 
The composite laminate with 7 layers 
greatly improved the composite damping 
properties with an increase as high as 
56.3% in the composite loss factor. 
 
Chien-Yang Huang [36] have tried to 
characterize the damping properties of 
fiber/epoxy composites with addition of 
different degrees of silica nanoparticles 
and rubber particles.  To enhance the 
damping properties of the fiber 
composites, silica nanoparticles together 
with rubber particles were introduced into 
the epoxy resin through the sonication 
process. The vibration damping was 
measured using the forced vibration 
technique together with the half-power 
method. Experimental results indicated 
that with the addition of the silica 
nanoparticles along with the rubber 
particles improved the damping properties 
of laminates. The vibration damping 
responses of composites laminates 
obtained using the micromechanical 
analysis together with the modal analysis 
exhibited an agreement with the 
experimental data. 
 
Ahmet et al. [37] have studied the 
influence of hybridization on natural 
frequency and damping properties of 
laminated composite plates consisting of 
various combinations of Carbon, Kevlar, 
and S-glass fibers and boundary 
conditions. Experiments are conducted on 
hybrid composites under the combinations 
of clamped, free, and simply supported 
boundary conditions. Frequency analyses 
of hybrid composites are performed using 
finite element analysis software ANSYS. 
Results show that hybridizations with three 
different fibers and their substitutions in 
the layers have strongly effected the 
damping and vibration characteristics of 
composite plates. 
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Improvement of structural damping in 
composite by interleaving aramid 
nonwoven fabrics (ANF) modified with 
semi-crystalline polyvinylidene fluoride 
(PVDF) between carbon-fiber-reinforced 
bismaleimide (BMI) laminae was studied 
by Nannan et al. [38] . The damping 
behavior of the composites was 
experimentally investigated using the 
single cantilever beam test and dynamic 
mechanical analysis. An increase of 108% 
and 2.72% in loss factor and flexural 
modulus when compared with the original 
carbon-fiber-reinforced BMI composite 
was reported. The results indicated that the 
composite interleaved with ANF/PVDF 
possessed higher flexural modulus and loss 
factor than the composites interleaved with 
ANF or PVDF films as a result of 
synergistic reinforcement of ANF and 
PVDF.  
 
Guen et al. [39] investigated   the 
relationship between the loss coefficient 
and modulus/strength in tensile and 
flexural modes in flax-carbon fiber hybrid 
composite laminates. Hybrid composite 
laminates with varying carbon–flax fiber–
epoxy content were prepared using a 
combination of compression moulding and 
vacuum bagging. The elastic modulus and 
damping loss coefficients were determined 
by free-vibration in longitudinal and 
flexural modes. The mechanical testing 
showed that the damping coefficient of 
composites reinforced with flax fiber was 
found to be 4 times higher than composites 
reinforced with carbon fiber alone. 
 
Swain et al. [40] have reported that the 
vibration problem associated with thin 
carbon fiber reinforced composite (CFRC) 
shell structures that can be mitigated by 
addition of carbon nanotubes (CNTs) in 
the polymer matrix phase of such CFRC 
structures. Impulse response using 
Duhamel integral and frequency response 
analysis have been carried out to analyze 
the damping phenomena of hybrid 
composite structure considering Raleigh 
damping. It is reported that the both the 
damping and stiffness of the structure 
increased by the inclusion of carbon 
nanotube 
 
Ahmet et al. [41] have examined the 
influence of addition of borax on damping 
and vibration response of S-glass/epoxy 
composite laminates. Experiments were 
conducted by varying the Borax fillers by   
5, 10, 15 and 20%mass. It was found that 
the increase in borax content in S-
glass/Epoxy composite laminates effected 
a significant increase in damping ratio 
even at only 5 mass % of particle loading, 
then followed by a decreasing trend. This 
was attributed to the large stiffness 
variation between matrix and fiber and 
interlaminates shear strength which causes 
the increase in damping factor. On further 
increase in borax content, trend is followed 
by increase in natural frequency, but 
resulting in the decrease of the damping 
ratio.  
 
Damping and vibration characteristics of 
basalt-aramid/epoxy hybrid composites 
with different basalt/aramid fiber mixing 
ratios were investigated by Mehmet et al 
[42]. Unidirectional basalt and twill weave 
aramid fibers were used as reinforcement. 
Non-hybrid basalt/epoxy and 
aramid/epoxy composite laminates were 
also fabricated for comparison. Dynamic 
characteristics of the composite laminates 
were determined experimentally using 
dynamic modal analysis. Damping 
properties were calculated with the 
logarithmic decrement method using a 
vibration response envelope curve. Loss 
modulus, storage modulus and damping 
ratio of the structures were also 
considered. It was observed that the results 
of hybrid configurations showed a 
distribution between non-hybrid 
basalt/epoxy and aramid/epoxy 
composites. Furthermore, the employment 
of aramid fibers in composite laminates 
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enhances the damping properties of 
laminates, but reduces the strength values. 
 
Karthik et al [43] studied the damping 
characteristics of hybrid polymer 
composite consisting of Glass fiber and 
carbon filler reinforced with polyester and 
epoxy matrix prepared by vacuum bag 
molding fabrication .The damping ratio 
and natural frequency were investigated . 
Using ANSYS the mode shapes and 
natural frequencies were determined and 
the results were compared with 
experimental results. The damping ratio 
was found to increases with increased 
volume fractions of E-glass fibers for both 
the types of polymer composites.  
 
The modal characterization of aramid–
carbon fiber hybrid composites (ACFRP) 
and ACFRP reinforced with silica nano 
particles (n ACFRP) was investigated by 
Mansour et al. [44] through the analytical-
experimental transfer function method. 
The modal properties such as resonant 
frequencies and modal loss factors were 
studied. The procedure for the 
identification of analytical-experimental 
transfer functions was carried out using a 
genetic algorithm by minimizing the 
difference between the measured response 
from tests and the calculated response. The 
analytical transfer functions provided a 
process to identify modes, as a function of 
damped natural frequencies and loss 
factors of a complex structure. Results 
indicated that the inclusion of nanosilica 
particles increased the stiffness of the 
ACFRP and the damping response of the 
reinforced specimens is moderately 
improved. 
 
The effect of damage on modal parameters 
of composite panels were discussed by 
Ramesh S Sharma &Vinay Kumar Beelagi 
[45]. In their work they have investigated 
the effects of damage on fundamental 
natural frequency and modal damping of 
laminated composites both experimentally 
and numerically.  
 
CONCLUSION 
Hybrid composites are receiving growing 
attention from both industry & academics 
due to their balanced mechanical 
properties and cost benefits. Compared to 
the work done on characterization of 
mechanical properties the literature 
available on the vibration characteristics of 
hybrid laminates are less comprehensive. 
From the literature survey, it is seen that 
researchers are mainly working on 
dynamic analysis of inter & intra layer 
composites using GFRP & CFRP. 
Improvement in damping has been 
reported by varying the orientation and 
stacking sequence of the fibers. Few 
researchers are working on improving the 
structural damping by addition of Nano 
fillers like Nanosilica, Nanoclay, Carbon 
Nanotubes, Borax etc with either GFRP or 
CFRP. Use of fillers like Carbon 
Nanotubes, Nanoclay, Borax for 
enhancing damping effect has been found 
to be encouraging. 
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